over 12 months from different slaughter houses, it would seem that the two forms exist together rather than that individual animals have wholly one or the other type. The structural differences which alter the chromatographic behaviour have not yet been investigated and may well be subtle enough to escape detection by the technique at present available.
From the aspect of protein structure these results would appear to give support to the idea of the existence of families of nearly identical proteins (cf. Synge, 1950) . SUMMARY 1. A partition chromatogram using the two liquid phases produced by mixtures of ammonium sulphate, ethylene glycol monoethyl ether ('cellosolve') and water has been devised with kieselguhr used as the inert support.
2. On such chromatograms crystalline ribonuclease gives without difficulty zones having convenient rates and symmetrical form. It was found to contain two enzymically active components in the approximate ratio 10: 1.
3. Evidence is presented which suggests that both forms pre-exist in ox pancreas.
We In a preliminary report Aldinan, Diczfalusy & Rosenberg (1948) have shown that kidney alkaline phosphatase is inhibited by some phosphoric acid esters of the oestrogenic steroids. In this paper more detailed data are presented as to the specificity, reversibility and mode of inhibition.
MATERIALS AND METHODS Enzyme. The enzyme was prepared, as previously, from the kidneys of young rabbits, using with slight modifications the method described by van Thoai, Roche & Sartori (1944) . In the course of repeated fractionations it was found that the enzymic activity of the crystalline material decreased simultaneously with increasing activity of the mother liquor, confirming thus the results ofAbul-Fadl, King, Roche & van Thoai (1949) , according to which the crystals consist of inorganic material with enzyme adsorbed on it. In some experiments electrophoretically purified enzyme has been used.
Substrates. The following substrates have been used: phenyl phosphate, P-glycerophosphate and glucose-6-phosphate (the last-named compound was kindly supplied by Dr 0. Lindberg, Wenner-Gren Institute, Stockholm).
Analytical methods. Phenol was determined with Folin's reagent as described by Buch & Buch (1939) , inorganic phosphate according to Lowry & Lopez (1946) , and in some instances with a modified Martin & Doty (1949) (1946) , oestradiol 3:17-diphosphate as described by Claesson, Hogberg & Rosenberg (1949) . Oestrone glucoside was synthesized by deacetylation of oestrone tetra-acetyl glucoside according to Kongsted (1939) .
I
A clear at present. In electrophoretic studies, using acetate buffer at various pH values between 3-5 and 5-9 (ionic strength 0-1), it was revealed that the highly purified preparation showed the presence of only two components, one of which could be identified as the active principle. The partially purified preparation, examined at the same ionic strength and pH, contained at least four components (see Fig. 2 
RESULTS
The relationship between enzymic activity and pH is influenced by impurities as shown in Fig. 1 , where the activity of a preparation at two different degrees of purity is plotted against pH. The activity is expressed as a percentage of the activity at the pH optima.
(A) (B) and highly purified (B) kidney alkaline phosphatase.
Acetate buffer, pH 5-9, ionic strength 0-1 at 0-5°. (A), 2-5 hr. electrolysis at 7-7 V./cm., 1-2 % solution. (B), 3-5 hr. electrolysis at 7-9 V./cm., 0 5 % solution.
It is of interest that preparation B has about 25 % of the maximal activity even at pH 7-5. The less pronounced second peak at pH 7-5, shown in curve B, was invariably observed in experiments with highly purified preparations and phenyl phosphate as a substrate. The significance of thi, second peak is not
From electrophoretic mobilities at different pH values the isoelectric point of kidney alkaline phosphatase was estimated to be approximately pH 4-8-4-9, as shown in Fig. 3 . Inhibitor8. The relative inhibitory powers of the various compounds at pH 9-3 are compared in Enzyme-protein concentration, 1-2,ug./ml. x -x -x, without inhibitor; 0-0-0, with 2 x 10-5M-oestradiol diphosphate.
phosphate and glucose-6-phosphate, essentially the same results are obtained. In Fig. 5 the inhibition by oestradiol diphosphate of the enzymic hydrolysis of f-glycerophosphate by alkaline phosphatase is presented. Type of inhibition. The inhibition of alkaline phosphatase by oestradiol diphosphate, using phenyl phosphate as a substrate, is presented in Fig. 4 . The inhibition is limited to the acid side ofthe pH optimum, the greatest inhibition occurring at pH 7-5-9-0. An inhibition of kidney alkaline phos-220 I951
INHIBITION OF ALKA To test whether the inhibition was competitive or non-competitive, the concentrations of the substrate (phenyl phosphate) and inhibitor (oestradiol diphosphate) were varied at constant concentration of the enzyme. In Fig. 6 Fig. 7 the reciprocal values of Reversibility of inhibition. The inhibition of the enzyme by oestradiol 3:17-diphosphate could be quantitatively reversed by small amounts of basic proteins, such as protamine sulphate (0-5 g./l.). These substances do not activate the alkaline phosphatase preparations used.
DISCUSSION
Since the inhibition of phosphatase by oestradiol diphosphate is non-competitive, it appears that the attachment between enzyme and inhibitor is not at the same place as the contact between enzyme and substrate. The reversibility, together with the noncompetitive type of inhibition, may suggest a displacement of a possible coenzyme, suggested by others (Albers, Beyer, Bohnenkamp & Muller, 1938; Kutscher & Wust, 1942; Abul-Fadl &.King, 1949) , though the evidence for the existence of such a coenzyme is doubtful (Schales & Mann, 1948) . The most recent evidence of Kutscher & Sieg (1950) suggests that the prosthetic group of alkaline phosphatase is probably choline pyrophosphate. The complex of enzyme, substrate and inhibitor described in this paper may be analogous to the enzymically inactive complex of the enzyme with two molecules of substrate, described and discussed by others (Folley & Kay, 1935; Aebi, 1949) , but the affinity of the enzyme-substrate complex for another substrate molecule is much less than the affinity of the complex for a molecule of the inhibitor (oestradiol diphosphate) as it appears from their respective dissociation constants. The corresponding standard free energies (370) calculated from the dissociation constants are -430 cal. for the reaction ES + S-ES2, and -8400 cal. for the reaction ES+ I-÷ESI. It is known that when potassium salts are administered intravenously to animals the small increase found in the concentration of potassium in the serum can only be explained by assuming that the injected potassium is distributed in a volume of body water greater than that of the extracellular fluid. At least some ofthe cells ofthe body, therefore, arereadilypermeable to potassium. Hahn, Hevesy & Rebbe (1939 ), Joseph, Cohn & Greenberg (1939 ), Noonan, Fenn & Haege (1941 ), Fenn, Noonan, Mullins & Haege (1941 and Hevesy (1942) have studied the distribution of injected radioactive potassium salts. Noonan et al. (1941) administered radioactive potassium chloride intraperitoneally to rats and found that equilibrium between the extracellular and intracellular potassium of liver, heart, lung, kidney, gut and skeletal muscle was reached in 4-6 hr. The doses of potassium chloride varied from 6 to 59mg. (0-3-4.1 m-equiv. potassium/kg.). Within 0-5-1 hr. after the injection, the liver, heart, lungs, kidneys and gut were so highly radioactive as to suggest that radioactive potassium had, at least, in part entered the cells as a result of a process other than exchange. They remarked that it was not possible, on the basis of their experiments, to separate the two processes.
In the experiments described below, the distribution of large doses of 42KC1 after a number of hours and of doses of 0-01 and 1 mg. of '2KCI 5 min. after injection was studied.
METHODS
Female albino rats weighing between 192 and 230 g. were used.
The potassium salts used were irradiated KC1 or K2CO3.
The latter was neutralized to pH 8 by N-HCI and used in some experiments since the irradiation of KCI in the pile of the Atomic Energy Research Establishment, Harwell, yields 42K and traces of16S and 32p We are grateful for information from Harwell that the activity due to NaCl present
